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Objective: Previous longitudinal studies have shown no associations between increasing amount of
radiographic hand osteoarthritis (OA) and levels of hand pain/disability. In this longitudinal study, we
aimed to study whether radiographic hand OA was related to pain/disability in cross-sectional and
longitudinal settings focusing on joint-speciﬁc analyses.
Methods:We included 190 patients (173 women, mean (standard deviation, SD) age 61.5 (5.7) years) from
the Oslo hand OA cohort, of whom 112 had 7-year follow-up data. Finger joints were scored for radio-
graphic OA according to the KellgreneLawrence scale and Osteoarthritis Research Society International
(OARSI) atlas. Pain and function were assessed by clinical examination (joint tenderness), grip strength
and the Australian/Canadian (AUSCAN) questionnaire. Associations between radiographic hand OA and
tenderness in the same joint were examined by logistic regression analyses with Generalized Estimating
Equations, whereas associations between overall amount of radiographic OA and hand pain/disability
were assessed by linear regression (adjusted for age and sex).
Results: A dose-dependent association was found between the severity of radiographic OA and tender-
ness in the same joint. Joints that progressed into severe radiographic OA during follow-up had the
highest odds of developing tenderness (OR ¼ 11, 95% conﬁdence interval (CI) 4.0e33). Incident erosions
seemed to be the most important individual feature associated with incident tenderness (OR ¼ 6.2, 95%
CI 3.2e12). Weak associations were found between the amount of radiographic hand OA and overall
hand pain/disability.
Conclusion: Radiographic hand OA is associated with tenderness in the same joint, and erosive devel-
opment strongly predicts future joint tenderness independent of other radiographic features.
 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Radiographic hand osteoarthritis (OA) features are frequently
occurring in the general population and may lead to considerable
pain and physical disability1,2. However, symptomatic disease is
considerably less frequent than radiographic disease, suggesting
that radiographic features are not necessarily associated with pain,
aching or stiffness1.: I.K. Haugen, Department of
inderen, 0319 Oslo, Norway.
ida.haugen@diakonsyk.no
. Slatkowsky-Christensen),
anderheijde.nl (D. van der
s Research Society International. PSeveral cross-sectional studies have investigated the association
between radiographic hand OA and measures of pain and physical
function, but the results have shown large variation and inconsis-
tency3e5. Dahaghin et al. performed a systematic review and found
evidence for a positive association to hand pain, whereas the asso-
ciation to impaired hand function ranged from no to moderate6.
Furthermore, longitudinal studies have not been able to show any
association between progression of radiographic OA and deteriora-
tion of clinical outcomes7,8. Patient-reported measures of pain and
physical functionwere used in these studies, whereas performance-
based measurements such as grip strength were not available7,8.
Recent studies using ultrasonography have suggested that fea-
tures of OA are associated with pain in the same joint, whereas the
amount of OA pathology in the hands is not necessarily associated
with general hand pain9,10. In one of these studies, Kortekaas et al.
found that radiographic osteophytes and joint space narrowingublished by Elsevier Ltd. All rights reserved.
Table I
The intra-reader (IKH) and inter-reader (IKH, JB) reliability for status scores at
baseline and change scores during follow-up calculated by kappa (joint level) and
intraclass correlation coefﬁcients for sum scores (patient level). Reliability estimates
for the DIP, PIP and CMC joints are presented
Intraclass correlation
coefﬁcients (patient level)
Kappa (joint level)*
Intra-reader Inter-reader Intra-reader Inter-reader
Status scores at baseline
KL 0.97 0.95 0.82 0.70
Osteophytes 0.88 0.87 0.78 0.65
JSN 0.91 0.83 0.77 0.61
Erosions 0.96 0.94 0.81 0.77
Malalignment 0.62 0.52 0.74 0.54
Cysts 0.81 0.78 0.64 0.57
Sclerosis 0.79 0.07 0.67 0.00
Change scores during follow-up
KL 0.93 0.83 0.83 0.53
Osteophytes 0.83 0.74 0.74 0.47
JSN 0.57 0.50 0.50 0.39
Erosions 0.96 0.90 0.90 0.71
Malalignment 0.82 0.74 0.74 0.40
Cysts 0.64 0.42 0.42 0.76
Sclerosis 0.02 0.03 0.03 0.00
IKH ¼ Ida Kristin Haugen, JB ¼ Jessica Bijsterbosch.
* Weighted kappa for KL, osteophytes and JSN status scores. Kappa for change
scores (dichotomized as no change vs incident/progressive features).
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However, due to cross-sectional data only, they were unable to
investigate whether progression of these hand OA features was
associated with increased or incident pain in the same joint10.
Hence, the primary aims of this study were to investigate
whether radiographic hand OA was cross-sectionally associated
with tenderness in the same joint and, more importantly, whether
progression of hand OA during 7 years of follow-up was associated
with incident tenderness in the same joint. Secondly, we aimed to
explore whether the amount of hand OA pathology was associated
with patient-reported overall hand pain and physical function in
both cross-sectional and longitudinal settings.
Materials and methods
Patients
The Oslo hand OA cohort consists of hand OA patients from the
rheumatology outpatient clinic at Diakonhjemmet Hospital. The
patients were identiﬁed through the medical record system, and
those with a diagnosis of hand OA the last 2 years and no inﬂam-
matory joint diseases were asked to participate. The baseline ex-
amination in 2001e2003 included 209 patients2, of whom 190with
hand radiographs and clinical examination at baseline were
included in our cross-sectional analyses. Of the 19 patients
excluded from the analyses, 10 patients were diagnosed to have
psoriatic arthritis (n ¼ 1) or rheumatoid arthritis (n ¼ 9) and nine
patients were not examined by hand radiography. All patients were
invited to attend a follow-up examination in 2008e2009. In our
longitudinal analyses performed on joint level, we included 112
patients. Of those not attending the follow-up examination, 12
patients had died, 15 hadmoved, two had severe co-morbidities, 38
were lost to follow-up and 11 had no hand radiographs at follow-
up. The longitudinal analyses on patient level were performed on
99 patients. We excluded 13 of the 112 patients with follow-up data
due to either missing information (n ¼ 5 had unilateral hand ra-
diographs at the follow-up examination) and/or hand surgery
performed between the baseline and follow-up examination
(n ¼ 9), as this could potentially bias the results. The description of
analyses performed on joint level vs patient level will be further
described in “Statistics”.
Hand radiographs
Bilateral hand radiographs with posteroanterior view were ob-
tained at baseline and follow-up, with the exception of ﬁve patients
who had unilateral radiographs at the follow-up examination. One
reader (IKH) scored the bilateral secondeﬁfth distal interphalangeal
(DIP), secondeﬁfth proximal interphalangeal (PIP), thumb inter-
phalangeal (IP), ﬁrsteﬁfth metacarpophalangeal (MCP) and ﬁrst
carpometacarpal (CMC-1) joints for global OA severity according to
the Kellgren and Lawrence (KL) scale (grade 0e4)11. The radiographs
were also scored for presence/severity of individual radiographic
features according to the Osteoarthritis Research Society Interna-
tional (OARSI) atlas12, including osteophytes and JSN on 0e3 scales
and absence/presence of erosions, malalignment, cysts and scle-
rosis. Thirty randomly selected pair of radiographs were scored
twice by the same reader (IKH) and by a second reader (JB), and
intra-reader and inter-reader reliability estimates for status and
change scores were good to very good for most features (Table I).
Measures of pain and physical function
In this study, we focused on analyses at individual joint level.
Hence, tenderness in the individual ﬁnger joints was our primaryoutcome. One rheumatologist (BS-C) examined the bilateral sec-
ondeﬁfth DIP, secondeﬁfth PIP, thumb IP, ﬁrsteﬁfth MCP and
thumb base joints (total 30 joints) for presence of tenderness upon
palpation13.
The hand OA patients also completed the Australian/Canadian
(AUSCAN) pain and physical function subscales at baseline (n ¼ 186
and 188 of the 190 patients, respectively) and follow-up (n¼ 97 and
99 of the 99 patients, respectively). The AUSCAN assesses pain (ﬁve
items), stiffness (one item) and physical function (nine items)
during the last 48 h with ﬁve response options (0e4 scale, of which
4 represents worst health) for each item14. Pain and physical
function subscale scores were obtained by calculation of the
average score on the questions within the subscale and then
multiplied with the number of items to correct for potential
missing values. Levels of “Patient-Acceptable Symptom State”
(PASS) (AUSCAN pain score below 8.2 on a 0e20 scale and AUSCAN
physical function score below 16.1 on a 0e36 scale) and “Minimal
Clinically Important Improvement” (MCII) (decrease of more than
1.49 for AUSCAN pain and decrease of more than 1.25 for AUSCAN
physical function) have been proposed15,16. In this study, we were
interested in poor clinical status (PASS scores above 8.2 for pain and
above 16.1 for physical function) and clinical worsening during
follow-up. Patients who had higher AUSCAN pain and physical
function scores at the follow-up examination than at baseline (in-
crease of more than 1.49 for AUSCAN pain and increase of more
than 1.25 for AUSCAN physical function) were classiﬁed as
deteriorated.
Grip strength (kg) was assessed in both hands at baseline
(n ¼ 184) and follow-up (n ¼ 98, one patient had measurement of
one hand only) with a Jamar hand dynamometer (Therapeutic
Equipment Corporation, Clifton, NJ, USA) with the patients sitting
with the shoulder in neutral position and 90 ﬂexed elbow.
Maximal grip strength out of two attempts was recorded for each
hand17.
Statistics
In this study, we focused on the cross-sectional and longitudinal
associations between radiographic ﬁndings and tenderness in the
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thumb IP) and CMC-1 joints were most frequently affected by OA
and were therefore included in our analyses. We examined the
cross-sectional associations between radiographic severity (KL
grades as independent variable) and tenderness in the same joint
(dependent variable) using logistic regression with Generalized
Estimating Equations (GEE) with an exchangeable correlation ma-
trix. Joints with KL grade ¼ 0 served as reference. We similarly
examined the cross-sectional associations between individual
radiographic features and joint tenderness in GEE models adjusted
for age and sex (separate models for each radiographic feature).
Features that were associated with joint tenderness (P < 0.20) in
the separate adjusted models were thereafter included in a multi-
variate model (also adjusted for age and sex). Features were
excluded one by one by backward selection based on the level of
signiﬁcance, and the ﬁnal model included features associated with
tendernesswith P< 0.10. The ﬁnal model was tested in the different
joint groups separately.
With a similar approach we examined the longitudinal associ-
ations between radiographic progression (independent variables)
and incident joint tenderness (dependent variable). Joints without
radiographic progression served as reference, and joints without
tenderness at baseline and with possibilities for progression of the
current radiographic feature were included in the analyses only
(e.g., joints with KL grade 4 excluded). Patients with unilateral hand
radiographs and surgery (mainly trapezectomy) during follow-up
(n ¼ 13) were included in the analyses on the joint level only.
At patient level, we examined the cross-sectional associations
between the amount of radiographic hand OA (KL sum score for the
bilateral DIP, PIP and CMC-1 joints as independent variable) and
AUSCAN pain and physical function (dependent variables) using
linear regression. The associations to grip strength were analyzed
for the right and left hand separately using linear regression with
GEE. We similarly examined the cross-sectional associations be-
tween the amount of individual radiographic features (osteophytes
and JSN sum scores and number of joints with erosions, malalign-
ment, cysts and sclerosis) and measures of pain and physical
function using linear regression. The associations were assessed in
separate and multivariate models as explained above. Similar
approach was used for the longitudinal analyses using change
scores for radiographic and clinical data in the linear regression
models. Due to heteroscedasticity in the linear regression models,
we also performed logistic regression analyses using AUSCANTable II
Demographic, radiographic and clinical data at for the hand OA patients who were includ
(n ¼ 99)*
Baseline cha
(n ¼ 190)
Women, n (%) 173 (91.1%)
Age, mean (SD) 61.5 (5.7)
Radiographic features in the DIP, PIP and CMC-1 joints
KL sum score, median (IQR) [0e80] 15 (9e28)
Osteophyte sum score, median (IQR) [0e60] 5 (2e11)
JSN sum score, median (IQR) [0e60] 23 (17e30
Erosions, median (IQR) affected joints [0e20] 0 (0e3)
Malalignment, median (IQR) affected joints [0e20] 1 (0e2)
Cysts, median (IQR) affected joints [0e20] 0 (0e1)
Sclerosis, median (IQR) affected joints [0e20] 0 (0e0)
Clinical variables
Tender DIP, PIP and CMC-1 joints, median (IQR) number [0e20] 10 (6e16)
AUSCAN pain, mean (SD) [0e20] 7.9 (4.2)
AUSCAN physical function, mean (SD) [0e36] 15.3 (8.2)
Grip strength (right hand), mean (SD) 21.1 (8.8)
Grip strength (left hand), mean (SD) 18.5 (9.2)
IQR: interquartile range. Possible ranges are shown in brackets.
* Of the 112 patients with longitudinal data, we excluded 13 patients with unilateralbaseline status scores above PASS and increase of AUSCAN scores
above MCII during follow-up as dependent variables.
All analyses were adjusted for age and sex, and the cut-off for
statistical signiﬁcance was set to P < 0.05.
Results
Demographic, clinical and radiographic data at baseline and
changes during follow-up are presented in Table II. Changes during
follow-up are presented for the 99 patients who were included in
the longitudinal analyses on individual patient level (i.e., exclusion
of patients with unilateral hand radiographs only and surgery
during follow-up). Participants who did not attend the follow-up
examination had slightly more pain and physical disability
compared to those who did attend, but there were no statistically
signiﬁcant differences. Other baseline characteristics were similar
(data not shown).
Analyses on joint level
In these analyses, we included 190 patients from baseline and
112 patients with follow-up data (Fig. 1).
The frequency of joint tenderness increased with the severity of
radiographic OA in the cross-sectional analyses (Table III). Signiﬁ-
cantly higher odds of tenderness were observed in joints with
doubtful, mild, moderate and severe radiographic OA compared to
joints without OA (KL grade ¼ 0) (Table III). All individual radio-
graphic features were associated with tenderness in the adjusted
GEE analyses. Signiﬁcant associations remained in the ﬁnal multi-
variate model for osteophytes, erosions and malalignment
(Table III). We found similar associations between KL scores and
tenderness across all joint groups, whereas erosions and mala-
lignment were only associated with tenderness in the DIP and
CMC-1 joints, respectively (data not shown).
In patients with follow-up data, 1033 of 2240 joints (46.1%) were
not tender at baseline and had available radiographic data from
baseline and follow-up. Among those joints, 35 (3.4%) had KL
grade ¼ 4, 17 (1.6%) had osteophyte grade ¼ 3, 33 (3.2%) had JSN
grade ¼ 3, 56 (5.4%, one missing) had erosions, 48 (4.6%) had
malalignment, 20 (1.9%) had cysts and three (0.3%) had sclerosis.
These joints were excluded from the analyses for the respective
features due to no potential for progression or development of
incident features.ed in the cross-sectional analyses (n ¼ 190) and for patients with longitudinal data
racteristics Baseline characteristics
(n ¼ 99)*
Changes during follow-up
(n ¼ 99)*
91 (91.9%) e
61.3 (5.5) 7.3 (0.6)
15 (8e28) 7 (3e12)
4 (2e11) 4 (2e9)
) 23 (16e30) 1 (0e3)
0 (0e4) 1 (0e3)
1 (0e2) 0 (0e1)
0 (0e1) 0 (0e0)
1 (0e0) 0 (0e0)
10 (6e15) 2 (5 to 1)
7.4 (4.3) 0.8 (3.4)
14.5 (8.2) 1.2 (6.3)
20.9 (7.6) 0.7 (6.9)
18.4 (8.1) 1.1 (6.9)
hand radiographs only and/or surgery during follow-up (see Fig. 1).
Fig. 1. Flow-chart showing the participants in Oslo hand OA cohort included in the
cross-sectional (n ¼ 190) and longitudinal analyses (n ¼ 112 and n ¼ 99 for analyses on
joint and patient level, respectively).
Table III
The frequency and odds of joint tenderness in DIP, PIP and CMC-1 joints with
different levels of radiographic severity at baseline (joints from 190 patients at
baseline included in these cross-sectional analyses)
Number (%)
of tender
joints
Adjusted GEE
models. Odds
ratio (95% CI)*
Multivariate
adjusted GEE
model. Odds
ratio (95% CI)y
Global OA score (model 1)
KL (n ¼ 3769) Grade 0 792/1827 (43.3%) 1.0 (reference) NA
Grade 1 454/881 (51.5%) 1.4 (1.2e1.7)
Grade 2 399/570 (70.0%) 3.0 (2.4e3.7)
Grade 3 215/258 (83.3%) 6.8 (4.5e10)
Grade 4 189/233 (81.1%) 5.3 (3.3e8.6)
Presence of individual radiographic features (model 2)
Osteophyte
(n ¼ 3769)
Grade 0 1254/2706 (46.3%) 1.0 (reference) 1.0 (reference)
Grade 1 495/696 (71.1%) 2.8 (2.3e3.4) 2.4 (1.9e3.0)
Grade 2 199/247 (80.6%) 4.3 (3.0e6.3) 2.7 (1.9e4.0)
Grade 3 101/120 (84.2%) 4.5 (2.9e7.0) 2.8 (1.7e4.5)
JSN (n ¼ 3768) Grade 0 364/734 (49.6%) 1.0 (reference) 1.0 (reference)
Grade 1 922/1914 (48.2%) 0.9 (0.7e1.2) 0.9 (0.7e1.1)
Grade 2 605/910 (66.5%) 1.9 (1.4e2.5) 1.4 (1.0e1.8)
Grade 3 157/210 (74.8%) 2.5 (1.7e3.7) 1.1 (0.7e1.6)
Erosions
(n ¼ 3769)
Grade 0 1758/3407 (51.6%) 1.0 (reference) 1.0 (reference)
Grade 1 292/362 (80.7%) 3.3 (2.3e4.9) 1.6 (1.0e2.4)
Malalignment
(n ¼ 3772)
Grade 0 1830/3482 (52.6%) 1.0 (reference) 1.0 (reference)
Grade 1 222/290 (76.6%) 2.8 (2.0e3.9) 1.6 (1.1e2.2)
Cysts
(n ¼ 3771)
Grade 0 1952/3637 (53.7%) 1.0 (reference) e
Grade 1 99/134 (73.9%) 2.2 (1.4e3.3)
Sclerosis
(n ¼ 3772)
Grade 0 2034/3750 (54.2%) 1.0 (reference) e
Grade 1 18/22 (81.8%) 2.6 (1.1e6.0)
NA: multivariate model not applicable due to only one radiographic variable (i.e., KL
grades) in the model, e: cysts and sclerosis excluded from the multivariate model
through backward selection due to no association (P > 0.10) to joint tenderness.
* Separate GEE models with one radiographic variable in each model adjusted for
age and sex are presented for KL grades and individual radiographic features.
y One multivariate GEE model with several individual radiographic variables in
the same model adjusted for age and sex.
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sive or incident OA features compared to joints without radio-
graphic changes (Table IV). Joints with incident severe OA (i.e., KL
grade 0e3 at baseline and grade 4 at follow-up) showed the highest
odds of incident joint tenderness, whereas we found no signiﬁcant
associations for joints that developed into doubtful and mild
radiographic OA (Table IV). Progression/incidence of all individual
radiographic features was associated with incident joint tender-
ness, but incident erosions seemed to be the strongest predictor. In
addition to incident erosions, our ﬁnal multivariate model
conﬁrmed independent associations of progression of osteophytes
and JSN with incident joint tenderness (Table IV). We found similar
results in DIP and PIP joints in the analyses stratiﬁed for joint
groups (data not shown). Few CMC-1 joints were eligible for ana-
lyses and were therefore not analyzed separately.
We also repeated the analyses without exclusion of joints with
end-stage OA and found similar results (data not shown).
Analyses on patient level
In these analyses, we included 190 patients from baseline and
99 patients with follow-up data (i.e., patients with unilateral hand
radiographs and surgery during follow-up were excluded) (Fig. 1).
The KL sum scorewas signiﬁcantly associatedwith AUSCAN pain
and physical function (Table V). However, the amount of variance
explained by the KL sum score in the regression models was minor
(R2 ¼ 3.3% and 4.1%, respectively). We also found signiﬁcant asso-
ciations between the KL sum scores (each hand separately) and
decreased grip strength in the same hand (Table V). KL sum scores
for the DIP and CMC-1 joints were associated with AUSCAN pain
and physical function with similar magnitude, whereas the CMC-1joints showed the strongest association to grip strength (per
affected joint) (Table VI).
We found signiﬁcant associations between the individual
radiographic features and AUSCAN subscales and grip strength
(separatemodels for each radiographic feature adjusted for age and
sex) (Table V). However, the ﬁnal multivariate model for the AUS-
CAN subscales contained osteophytes only, whereas JSN and
malalignment remained in the ﬁnal model for grip strength (data
not shown).
Symptoms above the PASS were reported by 89/186 (47.8%) and
86/188 (45.7%) of the patients for AUSCAN pain and physical
function respectively. The KL sum score was associated with AUS-
CAN pain above the PASS (OR ¼ 1.02, 95% conﬁdence interval (CI)
1.00e1.04), whereas the association to physical function was non-
signiﬁcant (OR ¼ 1.01, 95% CI 0.99e1.03). Only osteophytes and
cysts remained in the ﬁnal model for AUSCAN pain and physical
function respectively (data not shown).
The longitudinal analyses onpatient level showed fewsigniﬁcant
associations. Increasing KL, JSN and malalignment sum scores were
signiﬁcantly associated with increasing AUSCAN physical function
scores during follow-up, and more malalignment was associated
with decreased grip strength (data not shown). Improvement of
AUSCAN pain and physical function above the MCII were present in
20/95 (21.1%) and 31/98 (31.6%) patients respectively, whereas
worsening was present in 37/95 (38.9%) and 46/98 (46.9%) patients
respectively. Analyseswithworsening of clinical status as the binary
outcome in logistic regression analyses showed similar trends as
reported for the linear regression (data not shown).
Table IV
The frequency and odds of incident tenderness in DIP, PIP and CMC-1 joints with progressive or incident OA features (joints from 112 patients with 7-year follow-up data
included in these longitudinal analyses)
N (%) tender joints Adjusted GEE models.
Odds ratio (95% CI)*
Multivariate adjusted GEE model.
Odds ratio (95% CI)y
Progression of global OA (model 1)z
KL (n ¼ 998) No change 145/742 (19.5%) 1.0 (reference) NA
Incident grade 1 22/91 (24.2%) 1.2 (0.7e2.0)
Incident grade 2 23/79 (29.1%) 1.5 (0.9e2.4)
Incident grade 3 33/49 (67.3%) 5.7 (3.0e11)
Incident grade 4 27/37 (73.0%) 11 (4.0e33)
Progression of individual features (model 2)z
Osteophytes (n ¼ 916) No change 173/852 (20.3%) 1.0 (reference) 1.0 (reference)
Incident/progressive 83/164 (50.6%) 3.0 (2.0e4.4) 1.6 (1.0e2.4)
JSN (n ¼ 1000) No change 195/893 (21.8%) 1.0 (reference) 1.0 (reference)
Incident/progressive 51/107 (47.7%) 2.8 (1.7e4.7) 2.1 (1.2e3.7)
Erosions (n ¼ 976) No development 192/911 (21.1%) 1.0 (reference) 1.0 (reference)
Incident 48/65 (73.8%) 8.4 (4.7e15) 6.2 (3.2e12)
Malalignment (n ¼ 985) No development 232/954 (24.3%) 1.0 (reference) e
Incident 17/31 (54.8%) 3.8 (1.9e7.4)
Cysts (n ¼ 1013) No development 246/993 (24.8%) 1.0 (reference) e
Incident 9/20 (45.0%) 2.2 (0.9e5.0)
Sclerosis (n ¼ 1030) No development 259/1025 (25.3%) 1.0 (reference) e
Incident 2/5 (40.0%) 2.4 (0.8e8.0)
NA: multivariate model not applicable due to only one radiographic variable (i.e., KL grades) in the model,e: malalignment, cysts and sclerosis excluded from the multivariate
model through backward selection due to no association (P > 0.10) to incident joint tenderness.
* Separate GEE models with one radiographic variable in each model adjusted for age and sex are presented for KL grades and individual radiographic features.
y One multivariate GEE model with several individual radiographic variables in the same model adjusted for age and sex.
z Radiographic progression deﬁned as incident OA features and/or progressive OA features (the latter only relevant for KL, osteophytes and JSN, and not for features scored
as absent/present). Joints with no possibility for progression excluded from analyses.
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In this longitudinal study of hand OA patients, we found a strong
and dose-dependent association between radiographic OA and
tenderness in the same joint, whereas the associations between the
amount of radiographic OA and measures of general hand pain and
physical function were weak. For the ﬁrst time, we were able to
show that progression of OA and especially development of ero-
sions during a 7-year period was associated with worsening of
clinical status in terms of incident tenderness in the same joint.
Several population-based studies have suggested that persons
with radiographic hand OA have a higher likelihood of hand pain
compared to persons without OA4e6,18. In this study, we examined
hand OA patients only and no controls. We therefore focused on
analyses performed at individual joint level and dose-dependent
associations between the amount of radiographic OA severity and
the frequency of joint tenderness.Table V
The cross-sectional associations between the amount of hand OA in the DIP, PIP and CMC-1
in these cross-sectional analyses)
AUSCAN pain B (95% CI)* AUS
Global OA sum score
KL 0.05 (0.01e0.09) 0.
Sum scores of individual radiographic features (separate models)
Osteophytes 0.10 (0.03e0.17) 0.
JSN 0.07 (0.01e0.13) 0.
Erosions 0.16 (0.03 to 0.35) 0.
Malalignment 0.14 (0.21 to 0.49) 0.
Cysts 0.45 (0.04 to 0.93) 0.
Sclerosis 1.07 (2.23 to 0.09) 0.
B: unstandardized beta.
* Separate GEE models with one radiographic variable in each model adjusted for age a
for joints in both hands were used for associations to the AUSCAN subscales, whereas eaWe found strong evidence for an association between radio-
graphicOAandtenderness in the same joint (Tables III, IV),which is in
line with previous cross-sectional studies using different imaging
modalities suchas radiography,ultrasonographyandMRI9,10,19. Joints
with moderate to severe radiographic OA were most likely to
demonstrate joint tenderness (Table III), and the longitudinal ana-
lyses conﬁrmed that development of end-stage radiographic OA is
associatedwith clinicalworsening (Table IV). Our results support the
ﬁndings by Kortekaas et al. showing a dose-dependent association
between the severity of radiographic features of OA and joint
tenderness in a cross-sectional setting10, and support that radio-
graphicprogression is avalidoutcomemeasure inhandOA.However,
the high proportion of tenderness in joints without radiographic OA
also suggests the potential presence of other pain mechanisms that
are not demonstrated by conventional radiography.
In our cross-sectional analyses at joint level, osteophytes
demonstrated the strongest association to joint tenderness amongjoints andmeasures of pain and physical function (190 patients at baseline included
CAN physical function B (95% CI)* Grip strength B (95% CI)*
10 (0.02e0.18) 0.24 (0.35 to 0.13)
18 (0.04e0.31) 0.38 (0.55 to 0.20)
14 (0.02e0.25) 0.48 (0.65 to 0.31)
41 (0.06e0.77) 0.88 (1.28 to 0.47)
58 (0.08 to 1.24) 1.20 (1.84 to 0.56)
97 (0.05e1.88) 0.87 (1.68 to 0.07)
90 (3.12 to 1.31) 0.53 (1.30 to 2.36)
nd sex are presented for KL grades and individual radiographic features. Sum scores
ch hand was analyzed separately for associations to grip strength with GEE models.
Table VI
The cross-sectional and longitudinal associations between the amount of hand OA in the various joint groups andmeasures of pain and physical function (190 patients included
in the cross-sectional analyses and 99 patients in the longitudinal analyses)
AUSCAN pain (B, 95% CI)* AUSCAN physical function (B, 95% CI)* Grip strength (B, 95% CI)*
Cross-sectional analyses (one multivariate adjusted model)
DIP joints 0.11 (0.01, 0.22) 0.21 (0.01, 0.41) 0.27 (0.49, 0.06)
PIP joints 0.01 (0.11, 0.10) 0.01 (0.19, 0.20) 0.26 (0.47, 0.04)
CMC-1 joints 0.06 (0.26, 0.38) 0.19 (0.40, 0.79) 0.74 (1.41, 0.07)
Longitudinal analyses (one multivariate adjusted model)
DIP joints 0.06 (0.17, 0.29) 0.35 (0.05, 0.75) 0.09 (0.61, 0.43)
PIP joints 0.08 (0.11, 0.27) 0.09 (0.24, 0.42) 0.07 (0.41, 0.27)
CMC-1 joints 0.24 (0.42, 0.91) 0.27 (1.42, 0.89) 0.17 (1.59, 1.26)
* Estimates from the multivariate model (sum scores of KL grades for the DIP, PIP and CMC-1 joints in one single model) adjusted for age and sex. Sum scores for joints in
both hands were used for associations to AUSCAN pain and physical function, whereas each hand was analyzed separately for associations to grip strength (GEE models).
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ment and JSN remained in the ﬁnal multivariate model (Table III).
Our estimates for JSN were considerably lower than the estimates
reported by Kortekaas et al. in a multivariate model adjusted for
synovitis and osteophytes10. Importantly, JSN is associated with
development of erosions20, and the apparent association between
JSN and tenderness in the study by Kortekaas et al.may therefore be
confounded by the lack of adjustment for erosions in the model. In
this study, only moderate (but not severe) JSN was associated with
joint tenderness, which may be due to more frequent occurrence of
erosions in joints with severe JSN. The association between severe
JSN and joint tenderness was considerably weaker in the multi-
variate model (which included erosions), suggesting the presence
of confounding factors (Table III). Bone damage, that is not sufﬁ-
ciently severe for classiﬁcation as erosions, may cause residual
confounding in joints with moderate JSN.
In a similar study, we investigated the cross-sectional associa-
tions between OA features deﬁned by MRI and presence of joint
tenderness19. MRI has the beneﬁt of demonstrating all joint com-
ponents, and the strongest associations to joint tenderness were
found for synovitis, bone marrow lesions and attrition/erosions19.
The MRI study demonstrated a weaker association for osteophytes,
which may be because MRI detects small osteophytes that are not
clinically relevant21. In contrary to the results in this paper, the MRI
study did not show any signiﬁcant association between malalign-
ment and tenderness. However, only DIP and PIP joints were
imaged by MRI, and malalignment seems to be most important in
the CMC-1 joints.
There was a considerable loss of patients during follow-up,
which may lead to selection bias. However, by focusing on joint-
speciﬁc analyses, we compared joints with progression to joints
without progression within the same patient, limiting the problem
of selection bias in our analyses. Our longitudinal analyses showed
that progression of osteophytes, increased JSN and development of
erosions and malalignment were independently associated with
incident joint tenderness during follow-up. In comparison to the
cross-sectional analyses, the association between erosions and
tenderness were much stronger in the longitudinal analyses
(Tables III, IV), and development of erosions was the strongest
predictor for incident joint tenderness (Table IV). This stronger
estimate in the longitudinal analyses may suggest that newly
developed “active” erosions are clinicallymore important than later
more “chronic” erosions. Whether the stronger association in joints
with new “active” erosions is mediated through more synovitis
and/or bone marrow lesions than in joints with more “chronic”
erosions remains speculative.
In contrary to the analyses performed at joint level, only weak
associations were found between the amount of radiographic OA
and self-reported hand symptoms and grip strength (Table V).
These results are in line with previous studies showing thatradiographic OA only explains a small part of the variance of hand
pain and physical function3,22. First of all, person-related psycho-
social factors inﬂuence the report of symptoms23, whereas this
inﬂuence is smaller on analyses at joint level. A within-subject
caseecontrol study in knee OA showed that radiographic knee OA
was strongly associated with pain in subjects with unilateral pain
(i.e., the patients served as their own control), and hence the ana-
lyses were controlled for person confounding24. Pain may also be
inﬂuenced by use of analgesia, and patients with severe disease
may also report low levels of pain during activities if they avoid
speciﬁc activities due to the awareness of pain.
Performance-based measures of function are probably less
affected by psychosocial factors compared to patient-reported
outcomes25. Measurement of muscle function as an indicator of
not only functional but also nutritional status has gained attention
in the past years26, emphasizing that also other factors than joint-
related pathology may affect grip strength.
Erosive hand OA has traditionally been considered as a subset of
hand OA that is characterized by amore aggressive clinical course27.
However, it has also been suggested that erosive hand OA repre-
sents severe OA rather than a separate entity28. In line with a
previous study by Bijsterbosch et al.29, we were not able to
demonstrate any signiﬁcant associations between the number of
erosive joints and measures of pain and physical function whenwe
included other radiographic OA features in the same model. These
ﬁndings could possibly suggest that the more severe symptoms in
erosive hand OA at least partly are mediated through a higher
burden of radiographic OA in these patients. However, based on the
positive association between erosions and tenderness at joint level
as well as varying pain report among patients as described above,
we should be careful in the interpretation of the results from the
analyses at patient level.
There are several limitations to our study. First of all, the loss to
follow-up was large and we have limited information about the
reasons. However, in a patient sample at this age, we may expect a
higher loss to follow-up than in a younger sample. Although we did
not ﬁnd any differences in baseline characteristics between those
who did and did not attend the follow-up examination, we cannot
exclude the possibility of selection bias based on progression/
deterioration in the analyses performed at patient level. However,
in this study, our main focus was on the joint-speciﬁc analyses.
Secondly, our estimates may be biased by the fact that causal
pathways may exist between the radiographic features, e.g., JSN
and erosions20,30. However, adjusting for variables along the causal
pathway may be valuable for decomposing total causal effects into
direct and indirect effects30. Our results indicate that the JSN is an
indirect cause of pain, probably mediated through development of
erosions. Thirdly, we excluded joints that were unable to progress
during follow-up in the longitudinal analyses at joint level. Exclu-
sion of these joints could potentially affect the results in the
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strongly associated with pain in cross-sectional analyses (Table III),
could occur in progressive joints only (and not in the comparison
group with no progression). However, analyses without exclusion
of joints with end-stage OA gave similar results (data not shown).
Other limitations are the lack of reliability data for tender joint
counts and the use of MCII values as cut-offs for the categorical
endpoints of clinical worsening. The MCII levels of AUSCAN were
deﬁned according to the patient’s perception of what is an impor-
tant improvement16. Currently, levels of minimal clinically impor-
tant difference (which may be improvement or worsening) have
not yet been developed for the AUSCAN scale. In this study, we
chose to use a change above the MCII in opposite direction as cut-
off for clinical worsening, as previously done by Bijsterbosch et al.7.
In conclusion, we found that radiographic OA is strongly asso-
ciated with tenderness in the same ﬁnger joint both in cross-
sectional and longitudinal analyses, and that erosive development
during follow-up was the most important predictor for incident
pain in the same joint. However, onlyweak associations were found
between the amount of radiographic hand OA and general mea-
sures of hand pain and physical function.
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